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Introduction 


These calculations are concerned witn the flivht path of 
the Macon after the loss of the unper fin and the deflation of the 
fPrrec@ar ter us cells, Takine into account the actual flicht con- 
ditions; the question was raised whether the ship would rise to an 
eltivuce of 49800 feet, For at this altitude, which the record shows 
was actually reached, the ship had exceeded pressure height by 2bout 
2000'. In coins over vressure heisht, the shin loses avproximtely 
35 of her lift for every 1000 fect. ‘ience 4800 feet corresyonds to a 
Meaviness of nearly litons. It was felt that if this additional 
heaviness could have been avoided, the shiv misht have been flown 
safely in spite of the loss of some 20 tons of lift from the three 
peoer celles Thesealeulations were undertaken to determine waether 
the acrodynamic and aerostatic forces alone were sufficient to force 
the ship up to 4800 foet or whether there were external forces actin, 
me.meust forces, 

Assumptions 

General 

Because of the scarcity of exact information, many of the 
assumptions are somewhat arbitrary. It was desired, however, aside 
from the control maneouvers, to assume those conditions leadinz to the 
hishest rise, 

Zero time for the calculations was taxen when the gust 
struck the after part of the ship. Previous to this time, it was assumed 
that the ship was flyin= at 1250 feet in equilibrium, and in horizontal 


flicht with neutral elevator. The last ussumption required a nosative 





or nosing-down moment of the ballast of 468 ft.~-tons, 

The sharn inclination of the shiv caused by the gust was 
simulated in the calculations by delayins the elovator action. Tull 
dovm elevator was not a»ynlied until 1 minute and 50 seconds after 
the casualty. It was assumed that the elevator control was unaffected 
by the casualty. The chanzes in sunerheat were small (5°) and were 
neglected in the calculations. 

Gas Loss 

From the record we have the following sequence of cvents in 

regard to the loss of gas; 


O':05'*' - No, 1 cell dammeed 


ele, ~ Davis driven fran frame 17.5 by escaping gas 

0:14 -~ No. 2 cell was damaged 

O25 -~ lio, O cell was damaged 

0:40 - Deflation of cells proceeding No. O cell deflating 
slowly. 

iO) - Message received in control car No. 1 cell deflated 

2°30 - Tiessage received in control car No. 2 cell deflated 


It was assumed from this that most of the lift of the three 
after cells had left the ship 2 minutes and 30 seconds after the casualty. 
The sea-level volume of the three after cells at the time 


of the casualty, was estimated by the ship's First Lieutenant as follows: 


Cell Koro 109,200 c.®. 
" | 245,700 " 
2 386,750 " 
Total fe, 500 Cate 


The gas was stated to be 95> pure; this zave a lift of 52.7 
lds, per 1000 c.f. of gas. The estimated total lift in the three efter 
eélis was then 23.5 short tons. If we leave sufficient gas in the 
cells to support their omm weight, we have a total loss of lift of 
about 20.6 tons, At the start of the Sead atatee it anpeared thet tne 
static moment caused by this loss of lift was more imvortant than the 


Static neaviness. ror this reason the total lift of 20.3 tons Was 


=Cc-«< 





assumed to be lost in the first 2-1/2 minutes. 

Because a reduction in static heaviness means a reduction 
also of the static moment, it is difficult to estimate the effect of 
& more moderate rate of gas loss, Hovever, it seems improbable that 
such high pitch ancles (25°) could be attained a few minutes after the 
casualty with a rate gas loss greatly less than that assumed. for 
the purpose of calculation, a linear rate of gas loss was used somewhat 
retarded in the last minute of the 2-1/2 minute total period. 
Ballast 

The distribution of the fuel and water ballast just before 
the casualty is shown in Table 1, An arbitrary schedule for dropping 
ballast was assumed and is shown in Figure 2, In the calculations only 
the ballast up to and including frame 102.5 was dropped. To this 
amount was added the weizht of the upver fin which was about 2000 lbs. 
This left 9 tons of ballast in the fore part of the ship which was 
dropped before the ship hit the water. Ordering the crew into the bow 
three minutes after the casualty was assumed to give a change of moment 
of 450 ft.-tons. 
speed and Thrust 

The initial speed was taken as 68.2 knots (100 ft/s) which was 
about 8 knots higher than the observed speed. There is no accurate record 
of how the engines were operated during the period of the calculations. 
Although standard speed was registered on the engine telegraph most of 
the period, there is evidence that some of the engines cut out and 
others ran irregularly at high pitch angles. The engines were also 
idled from the control car but the time and duration of this order is 
not known, Since the moment dae to the engine thrust was cenerally 


small in comparison with the othsr tems in the moment equation, it was 





decided to vary the thrust in accordance with the observed air sovced, 
which was important in all the eqations. The resultins snecd 
curve used is shovm in Figure 3, It is initially and throughout tho 
calculations somewhat hicher than observed. 
Force and Moment Coefficients 

The normal force and moment coefficients duce to translation 
and angele of attack were based on 1.A.C.A. wind tunnel tests ona 
model of the Akron (Figs. 8 and 9). The force and moment coefficients 
due to rotation were obtained analytically and are shorm in Ficure 10, 
They are in fair acreement with the British experimental results for 
the R-101. The derivation is contained in the Avpendix, 

tre Calculations 

The notation, equations, and assumed dimensions are shown 
in “icure 1. Two-second intervals were used for the first half of the 
calculations; later it was found that four-second intervals were satis- 
factory, since small errors in assuming mean values, were vee 
damped and had a negligible effect on the resultant motion. <A summary of 
the calculations with sample calculating page is given in the Appendix, 

Results 

Using the above assumptions, the calculated flisht path is 
shown in fissure 4, The best available record of the observed path is 
contained in Dr. Hovgaard's report on the loss of the ivacon. For 
comparison his results are also plotted in Yireure 4, The agreement here 
is closer than was anticipated. It will be noted that Dr. Hovgaard'ts 
plot shows a decided tendency of the shiv to level off at about 4 minutes. 


This was followed a minute later by enother rapid rise of the ship. At 





this point in the calculations, it seened that this second rise mirht 

be due to the increased engine thrust followinz the order for standard 
speed which oceurred about this time. To test this effect an increasing 
engine thrust up to 9 tons was used (Fig. 3). The pitch angle increased 
slirhtly as ean be seen in Firure 5 but was soon reduced by the increase 
in speed and consequent increase in effectiveness of the elevators. It 
does not appear then that the sudden rise occurring around 5 minutes 

was due to increased engine thrust. It is difficult to estinate the 
effect of a change in the original assumptions on the behavior of the 
shiv at this point, but it seems improbable that a reduction in the rate 
of gas loss would lead to this second rise of the ship. Im order to 
examine the effect of Ve Seine thrust, the valving of No. 9 cell ‘was 
delayed. This occurred actually around 4 minutes, but was taken up in 
the calculations at 5 minutes. The valving of 4 tons of lift from No. 9 
cell had an inmediate effect. The resulting reduction in the static 
moment led to complete control of the ship in the calculations. Control 
was attained with the ship 14 tons heav;, flying at an angle of attack 
of 14 degrees and at a speed of 30.5 knots. Here it seems that if any 
lift still remained in the aftor cells, control of the ship vould have 
been facilitated. As noted before, the ship was not actually brousht 
under control but rose ranidly about 1000 fect after beginning to level 
off. The ship was observed to level off at about 3800 fect, while the 
calculated maximurn altitude attained was 4200 fost. That the calculated 
path levels off some 400 feet higher than was observed, may be due to 
the rather ovtimistic lift coefficient and higher speed used, and the 


delaying of the valving of No. 9 cell. 





Hence it appears that vrobably not only the difference of 700' but 
the total rise of 1100' after the actual path was leveled off has 
to be considered as unexvlained by static and dynamic forces, 
Conclusions 

In the vresent work the maximum probable rate of eas loss 
was assumed, ‘ith this assumption the calculation leaves unexplained 
Seeoe Of 700 to 1100 fect in altitude. With a More Moderate rate 
=2s loss, the steenness of the initial flisht path cannot be 
mecountea for. In either ease it anpears that in a@aition to the 
Meee Lird. Tailiure tae Ska Chcountered rising Gir currents before 
control of the ship had been attained. In these calculations this 
meant @n incréased heaviness of 4 to 6 tons, Which, combined with . 
additional heaviness due to subsequent valving from ,9 and ,-10 cells, 
was annorently more than the ship could supnort in steady flisnt. 
(ae arbitrary, characver of seme of the assumptions is fully realized, 
Mowever, it is believed that the calculations brought out the rela- 
Give intluence or the Gifferent factors such as gas loss, droppins 
of ballast, tnrust, valvin: from the forward cells and esnocially 
the imnortance of correctin: the unbulanced static moment as early 


as vossible for rezaining control of the snin, 
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2quitions and .ssurmtions 
mu = eo + 7T - (#4 7) sin 3 + (X0% - mwc }) 
: ; eee . . “orp 
MoW = WV = (+ ") COS 0 + 4o%7q = Myud 
ae ne fs ne ’ ® [2 (3 r ’ ) ra ¢ V Th 
q = “ye — 1. Sin » + i€ oo - 4473 COS 20 4 —- . Q q +o) 
tan =. =M/ (£.V mwa) neslected (R & M 748) 
cAEY U 7a] q we auth td et, CCU ma (GCE 
Y= UV @ae .u 
7 = J c@s # 
4 = VY sin; 
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OT 9 ON yg 2a = lorial Lift, Lrag and ..oment d:e to translation 
Hide wwele oF attac 
tT = Thrust 
| = _gmviness 
“ = Chunge in heaviness, loss of fas or ballast 
“qi gs ‘d¥as "efe = Oni, Lift, Moment due to rotation 
= ge tic™™@ient (4000 ft.-tons} 
3 © liitivel @aplnt for horionta Cleat (463 ft.-tons) 
n= Ors tener from 7.°. to tarist linemz> fs. 
malo .of ave uck 
= “PCL ciow of FLM@BRt peti 
= Inclinotion 0. “S40 'S sams 
= levator pals 
= pent of @as lost or bellast dzonpned 
= Jitcss of dimlaced afr = 3.07 ton® mass 
my - fonzitudinal-appercnt mass = 6.65 tons mass 
Mo = JMeVCTéee annure@nt meme = 16,14 tons mags 


> = QRRSPen > agent of in@Phia —A7e.008 tons-ft.* 
a) = @ose tO CMe. =ruce fF. 


<9 = Bern to Om. = 425 16. 

m5 = Caleece fins to @.-, 8 o17 ft. 
ate 6 Rea ‘ ay r e 4% Tm 
/Olgme = $Me 10°: (7Yol.! “3 = 38100: (Fol.) = 195 
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No, 


1(D) 
5(S) 
5(D) 
7(D) 
9(S) 


101(S) 
103( D) 
105( BD) 
107(S) 
109(D) 


(D) indicates fuel dump tank 
(S) indicates fuel slip tank 


Cana- 


city 


700# 
700 
700 
700 
700 
700 


2200 


700 
700 
700 
700 
700 
700 
2400 
2400 


700 
700 
700 
700 
700 
700 
2400 
2400 


700 
700 
700 
700 
700 
700 
2400 
2400 


700 
£400 
2400 


2200 
2200 
700 
700 
700 


700 
700 
700 
2200 
2200 
700 
700 
700 


700 
700 
700 


Starboard 
Fuel 


on 


Board 


700 


700 
700 


700 


700 


2000 
000 


700 


700 


2000 
1700 


700 
700 


700 


2000 
600 


1500 


1700 


700 


700 


700 
700 


700 
700 


alec / 


Fuel 
Dropped 


700 


700 
700 


700 


700 


700 


700 


700 


700 


water 
Balla st 


(lbs) 


H-900* 
5-900 


2000* 
1900* 


1500* 
1200* 


1200 


1000 


1900 
13900 


H-900 
K-900 
L=-900 


Tank 
Mo, 


2(D) 


64: 
YIITI-A 
ViIii-~-F 


102(S) 
104(D) 
106(D) 
108(S) 
110(D) 


Capa- 


city 


200; 
700 
700 
700 
700 
700 


2200 


700 
700 
700 
700 
700 
700 
2400 
2400 


700 
700 
700 
700 
700 
700 
2400 
2400 


700 
700 
700 
700 
700 
700 
2400 
2400 


700 
2400 
2400 


2200 
2200 
2200 
700 
700 
700 


700 
700 
700 
2200 
2200 
700 
700 
700 


700 
700 
700 


Port 


Muel 
on 


700 
700 
700 
700 
700 


700 


700 


2000 
200 


700 


700 


2000 
ingore 


700 


700 


2000 
700 


PAC 010, 
600 


1600 


700 


700 


700 
700 


700 
700 
700 


Fuel 
Board Dropped 


700 
700 
700 
700 
700 


700 


700 


700 


700 


700 


700 





Vater 


Ballast 


(lbs) 


B-800* 


2000* 
1900* 


1500* 
1200* 


1200 


L000 


1900 
1900 


§-900 
1eIOO 


Fuel was dropved almost instantly 
Ballast marked "*" dropped instantly 


E indicates emergency water ballast bag Remainder of ballast dropped before 
ship hit the water 
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1. The normal lift, drag and mancnt due to translation and anzle 


of attac 
Z ¥ 
L = Czq (Yol.)*°*> = (or 2 mol) = Bele 
we: 
D = Cpq (Vol. \73 =e ¥-( Cp B vol."/ = vp, 
M = 0. (Vol. ane v2(oy 2 vo 79) = ven, 


L cos u+D sin G = V°lgcos u + V°D,sin u 


IN 
ii 


X =-LsinaGd+ Dcos t= V°Lgsin dL + V“Dgcos Ch 


Z = V(kcos a+ Dgsinc) = V®z, 
X = V(-Ipsin d+ D,cos c) = Vex, 


Mo = VM, 


Cr, Cp and C,, taken from NACA Report 445 


p = density of standard atmosohere at 3000! or ,00218 425+ Ess 


3° 3 


6 


Volk. = 7.4 x 10 (Vol. ) = 38100 


The quantities 2%, Xq, and I, were thus determined and plotted 


against angle of attack for use in the equations, (Figs. 8 and 9}. 


2. The force and moment coefficients due to rotation, On an elemental 


cross-section, we have 


aa 
a * a= 
u db = ds 





ATI. (cont'd) 


where ’ e force 
ii « apparent mass 
w = lonvzitudinal velocity component 
w = transverse velocity component 


q = angular velocity 


= lonzitudinal distancs from C.B. 
If S = cross-sectional area, then the anparent mass is siven by "' = 9S. 


The force equation then becomes 


ar . eS 
| q (S 3 


In order to talee care of end effects, we introduce the 

a oa rr f 
factor cos ,» where is the anele made by a tancent to the hull 
nrofile and the longitudinal axis of the shiv. In addition we account 
for the trailing Vortex system with 2 fector suggested by Dr. von xamman, 
namely [& , where E is the radius of any reer body cross-section and 

o 
r is the radius of the largest cross-section. 


If we let 6 =s cos Z our equation becomes on intogratinc: 


7 
ny 


oud Jifene ao) for the fore body 


F 


oug Jae. Ps ag) for the rear body 
0%, dx 


where x, is distance to the bow and xp is distance to stern measured from 
the center of buoyancy. Xj, = 562', Xp = -425', 

The moment is given by introducin; the factor x under the 
integral in each case, 

A good approximation to the hull profile is given by an exvression 
Cue @o Tilton and Frances Clauser. 


f = V2 for tne Tore oody 
4c3(1- 


J (/ ? %, /) for the rear body 


Wt, 








AVDOSIDIX (cont'd) 


“vs 


az 
Since — = tan € it was nossible to plot the qanantity O° acoinst tie 


dx 
shin'ts lemrth and hoenee measure ae, ihe amontittes under the intherags 
; ; 


7 


wore tlion rlotted end arens ricasured by a nimmineter (vir. 11). Tiiib 
ZmeoiOd Cave Bae ToOllovimesvilaes for the hull forces due to rometiong 
a 00decD BPUGetpoOnS 


Mm = 802070 Jug ft. tons 


Prom the efind tunnel dita for the »ull @lon® and the hull ®@ith tail sure 
fees, 2 NOrmal force coerricient for the G2il suritte®s Fes onteiucd, 


Tne forec GWe to te tuil surfaces Was then 


f= VY i ~ 7/ vo/ “3 


/ 2 
rg 
: ef ay ne 
—<y Peay COS 
RK! far -: 
where 
Xz = distance from 0.3. to C.F. of tail t2cen &s 500' 
: x, 3 - 
2 = 90218 and Jol. = 33100 
devepal Lee = ” 


“ht en 


9 do 
= V.(102 c@s « +See ee ) tone 
“4 cog 4 dm 








roar. at 
W550 Quen ) f+ kous 
2 @ + ws 


ma @ T (S60 COS Uo + 


4 cos d m 
The cffeet of 21evator SABLE wos neé-Loctca in avaluctime Wiese 


O¥entities. ‘rom tho wink tunncl data we Save tie Fol Lomita value fo; 








bes s4 : ra aC / a T 
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APP s NDIX ( cont'd } 


Yor tne purpose of calculsetion the quantities in the 
narenthesis were evaluated and plotted against angle of attack (Fir. 10). 


Then 


q Va 4q 


ag 
if 


rc 


oO. The calculations: 
the simultaneous solution of the tnree equations was facilitated by the 
use of a ruled form placed undor each calculating sheet (Fig. 12). 

Items 51 to 34 sive the chanses in u, w, q and @ for the 
interval used. These are added to the initial values obtained for 
the last calculation and entered at the top of the sheet items 5 to 8; 
these are the initial values for that time heading. 4A mean value for 
each is estimated end entered to tno right of tne initial values. “Tie 
mean values are used in subsequent calculations, The values of V, G and 
fi are obtained as indicated, and mean values for each estimated by 
commarison vith rrevious variations, With the mean ansle of attack a 
and clevator anzle € , items 35 to 37 are obtained from charts. JVith 
the Static condition entered in items 11 and 12 and thrust in item 16, 
the calculations vroceed in straightforward Trashion using the mean 
values, The additional heaviness due to soinzg over pressure heisht is 
obtained es iniicated in item 44, 

~rrors in assuaing mean values are soon apparent, the most 
difficulty comings from the determination of a proper mean value for a, 
“ith sudden chan:;es in static conditions, it was found necessary to 
calculate all the terms in the moment equa@ien Tirst, except tly Vo» then 


+o determine q by trial and crror to give a correct mean value. ihis 
yrocedure is explained also in R. & Mm 1401. For simplicity in cal- 


culations, a linear rate of ballast dropped is recommended, 
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